Introduction: Serum leptin levels have been examined in various cancers, with conflicting results. However, there is limited information regarding serum leptin levels and insulin resistance in gastric cancer patients. Therefore, we aimed to investigate serum leptin levels, performance status, insulin levels and insulin resistance in patients with gastric cancer. In addition, we examined the relationship between these measurements and leptin levels. Material and methods: Thirty-nine patients with gastric cancer and 30 control subjects were enrolled in the study. Serum leptin, total protein, albumin, growth hormone, insulin and glucose levels were measured. The homeostasis model assessment (HOMA) was used to assess insulin resistance. Results: Serum levels of insulin, glucose and growth hormone and insulin resistance were significantly lower in gastric cancer patients than controls (p < 0.05 for all). In the Pearson correlation analysis, insulin resistance was found to be significantly correlated with serum leptin levels in gastric cancer patients (r = 0.320, p = 0.047). We observed a significant negative correlation between performance status and insulin resistance in patients with cachexia (r = -0.512, p = 0.030), while no association was found in non-cachectic patients. Conclusions: We concluded that serum leptin levels are significantly lower in gastric cancer patients. In addition, gastric cancer patients have decreases in insulin levels, insulin resistance and growth hormone levels. This study found a positive association between serum leptin levels and insulin resistance. Moreover, there is a negative association between serum leptin levels and growth hormone levels. Thus, low insulin and growth hormone levels may suppress the production of leptin in gastric cancer patients.
Introduction
Gastric cancer is the second most common cause of cancer death worldwide. The prognosis for gastric cancer patients is poor in most industrialized countries, with a 5-year survival rate of only 10%. Gastric cancer is usually diagnosed at an advanced stage with limited curative options [1] .
Leptin is a protein derived from the adipocyte family and is secreted into the bloodstream. Leptin is a member of the cytokine family and is an important signaling molecule in the energy regulation that stimulates appetite and weight gain [2] . Serum leptin levels correlate with body fat percentages, suggesting that leptin is an important signal of fat stores [2] . Initially, leptin was thought to be expressed and secreted only by adipocytes; however, their production in the placenta and in gastric, colorectal, and mammary epithelial tissues has been documented [3, 4] . Furthermore, leptin may act as a growth factor, participating in the development of cancer cell lines [5, 6] . Some studies have suggested that leptin may be involved in the functions of adipocytokines and in bone formation [7, 8] .
Cancer cachexia, a cancer complication, is a complex and multifactorial syndrome that results from reduced food intake or metabolic abnormalities [9] . There is increasing evidence that the inflammatory response plays an important role in such alterations in gastrointestinal cancer patients [10] . Several inflammatory cytokines have been proposed as mediators of the cachectic process including tumor necrosis factor-α (TNF-α), interleukin-1 (IL-1), interleukin-6 (IL-6), and interferon-α (IFN-α) [11, 12] .
Although serum leptin levels have been extensively studied in some cancers, the results are conflicting. Some authors have reported decreased leptin levels in gastrointestinal cancer patients [13] [14] [15] [16] . Others have reported increased leptin levels in breast, gastrointestinal and gynecologic cancer patients [17] [18] [19] . To our knowledge, there is only one report regarding serum leptin levels and insulin resistance in gastric cancer patients [20] . However, in that study, no association between serum leptin levels and insulin resistance was observed.
The aim of the present study was to investigate serum leptin levels, performance status, insulin levels and insulin resistance in patients with gastric cancer. In addition, we examined the relationship between these measurements and leptin levels.
Material and methods

Subjects
Thirty-nine patients with gastric cancer and 30 healthy controls were enrolled in this study.
The gastric cancer diagnosis was made through upper gastrointestinal endoscopic examinations and pathological findings. Staging of the gastric cancer was performed using both thorax and abdominal computed tomography (CT) on initial examination.
Ten of the tumors were well-differentiated, 15 were moderately differentiated and 14 were poorly differentiated gastric cancer. Patients were divided into three groups: 19 patients were stage I or IIA, 12 patients were stage IIB, and 8 were stage III.
The clinical parameters obtained in the study included age, gender, body mass index (BMI), cancer staging, cachexia status, body surface area and performance status.
None of the gastric cancer patients had received chemotherapy or radiotherapy. Patients with diabetes mellitus, hypertension, and renal or hepatic failure were excluded from the study. None of the gastric cancer patients were receiving antioxidant vitamin supplementation such as vitamin E or C. In addition, the patients were not receiving any drugs and were not smoking or consuming alcohol.
The patient BMI was determined as the body weight divided by the square of the height (kg/m 2 ). The patients with cancer were divided into two groups according to the presence (BMI < 20 kg/m 2 ) or absence (BMI ≥ 20 kg/m 2 ) of cachexia by using the BMI scale of Thomas et al. [21] .
The patient performance status was evaluated using the World Health Organization (WHO) performance status guidelines.
The control group consisted of 30 healthy subjects with stable weight who were asymptomatic and had an unremarkable medical history and normal physical examination. None of the control subjects were receiving antioxidant vitamin supplementation such as vitamin E or C. In addition, the subjects were not receiving any medication and were not smoking or consuming alcohol; the subjects had no known acute or chronic diseases.
The study protocol was performed in accordance with the Helsinki Declaration as revised in 2000. The study protocol was approved by the local ethics committee, and informed consent was obtained from each subject.
Blood samples
The patient blood samples were obtained in the morning following a 12-h fasting period. The blood samples were collected into empty tubes and immediately stored at 4°C. The serum samples were separated from cells by centrifugation at 3000 rpm for 10 min. Biochemical analyses were performed the same day. The serum samples were stored at -80°C in plastic tubes until the leptin levels were analyzed.
Measurement of serum leptin levels
The serum leptin levels were measured as ng/ml via a two-site immunoradiometric assay (IRMA) method by using the Human Leptin IRMA DSL-23100 kit (Diagnostic Systems Laboratories, Inc., Webster, Texas, USA). The measurements for the standards, controls, and sera were repeated for confirmation. The sensitivity of the test was 0.10 ng/ml.
Serum insulin levels
Serum insulin levels were measured using an automated chemiluminescence autoanalyzer (Roche).
Insulin resistance
The insulin resistance index was calculated based on the fasting values for glycemia and insulinemia according to the homeostasis model assessment (HOMA) [22] . Insulin resistance (HOMA-IR) = fasting glycemia (mmol/l) × fasting serum insulinemia (mIU/ml)/22.5.
Other parameters
The serum glucose, total protein and albumin levels were determined using commercially available assay kits (Abbott) with an autoanalyzer (Aeroset, Abbott).
Statistical analysis
The results are expressed as the mean ± standard deviation. The nonparametric continuous variables were compared with the Mann-Whitney U-test. The parametric variables were compared using Student's t-test. Pearson's correlation analysis was used to determine the association between leptin levels, gender, age, BMI, serum albumin, total protein, growth hormone, and insulin and glucose levels. A linear regression analysis was used to determine the variables related to serum leptin levels. The results were considered to be significant when the p value was less than 0.05. The data were analyzed using the SPSS for Windows computer program (version 11.0).
Results
The demographic characteristics of the patients with gastric cancer and the control subjects are presented in Table I . There were no significant differences between gastric cancer patients and control subjects with respect to age or gender (p > 0.05). In addition, there were no significant differences between cachectic and non-cachectic patients with respect to age or gender (p > 0.05; Table II ).
The serum albumin levels were significantly lower in gastric cancer patients than control subjects (p < 0.05). However, there was no significant difference between gastric cancer patients and control subjects with respect to serum total protein levels (p > 0.05; Table I ). In addition, there were no significant differences between cachectic and non-cachectic patients with respect to serum total protein or albumin levels (p > 0.05).
Serum glucose levels were significantly higher in gastric cancer patients than controls (p < 0.05; Table I ); however, there was no significant difference in serum glucose levels between cachectic and non-cachectic patients (p > 0.05).
Serum leptin levels were significantly lower in gastric cancer patients than controls (p < 0.05; Table II); however, there was no significant difference between cachectic and non-cachectic patients with respect to serum leptin levels (p > 0.05). Serum insulin levels were significantly lower in gastric cancer patients than controls (p < 0.05; Table II); however, there was no significant difference between cachectic and non-cachectic patients with respect to serum insulin levels (p > 0.05).
Serum growth hormone levels were significantly lower in gastric cancer patients than controls (p < 0.05; Table II); however, there was no significant difference between cachectic and non-cachectic patients with respect to serum growth hormone levels (p > 0.05).
Insulin resistance was significantly lower in gastric cancer patients than controls (p < 0.05; Table II ); however, there was no significant difference between cachectic and non-cachectic patients with respect to insulin resistance (p > 0.05).
Female subjects had higher serum leptin levels than male subjects in both the gastric cancer patients and in the control group, but these differences were not significant (p > 0.05).
We observed a negative association between performance status and insulin resistance in cachectic patients (r = -0.512, p < 0.030), while no such association was found in non-cachectic patients.
The serum leptin levels were found to be significantly correlated with insulin resistance in gastric cancer patients (r = 0.320, p = 0.047) (Figure 1 ). In addition, leptin levels were found to be significantly correlated with serum growth hormone levels (r = -0.327, p = 0.042) (Figure 2 ) and insulin levels (r = 0.353, p = 0.028) in gastric cancer patients.
A linear regression analysis was performed to identify factors that may exert an independent influence on leptin levels. Gender, age, BMI, serum albumin, total protein, growth hormone, insulin and glucose were included as independent variables. No relationship was found between serum leptin concentrations and these parameters in the cancer or control groups in a linear regression analysis (p > 0.05).
Discussion
In the present study, we studied serum levels of leptin, insulin and growth hormone in gastric cancer patients. We also determined insulin resistance by using HOMA. In addition, we examined the associations among the serum leptin levels, insulin resistance and growth hormone levels in patients with gastric cancer. We found that gastric cancer patients had significantly lower serum leptin levels compared to healthy controls. We also observed significantly lower serum growth hormone and insulin levels in patients with gastric cancer than in healthy controls. In addition, we observed that insulin resistance was significantly lower in patients with gastric cancer than controls. Moreover, we found a significant positive association between serum leptin levels and insulin resistance in patients with gastric cancer. To our knowledge, this is the first report to describe the association between serum leptin levels and insulin resistance in gastric cancer patients.
Leptin is well known to play an important role in the regulation of food intake and energy balance [23] . Leptin controls body mass and metabolism by affecting the metabolic, neuroendocrine, reproductive and hematopoietic systems [24] . In cancer, there is regulatory dysfunction in the metabolic and neuroendocrine system, among others. Moreover, leptin has been shown to regulate cell proliferation in diverse normal and malignant tissues and to stimulate the proliferation of certain normal hematopoietic and epithelial cells. Leptin has been shown to promote the invasiveness of premalignant colon cells in vitro [25] , and leptin is abundantly produced in the gastric mucosa [26] .
Serum leptin levels have previously been investigated in some cancers including esophagus (16) , gastric (4), colorectal (8) , and breast (6, 19) with conflicting results. Some authors have reported decreased leptin levels in gastrointestinal cancer patients [13] [14] [15] [16] , while others have reported increased leptin levels in breast, gastrointestinal cancer and gynecologic cancer patients [17] [18] [19] . Bolukbas et al. [15] observed significantly lower serum leptin levels in the gastrointestinal cancer group compared with controls. In addition, Nakajima et al. [16] observed that leptin levels were lower in patients with esophageal squamous cell carcinoma compared to controls. Bruun et al. [17] reported increased leptin levels in breast and gynecological cancer patients. Stattin et al. [18] observed that high serum leptin levels in patients correlated with an increased risk of colon, but not rectal, cancer. Tessitore et al. [19] reported that patients with breast cancer had higher serum leptin levels compared to controls. However, they did not observe an increase in serum leptin levels in patients with colorectal cancer compared to healthy controls. There is only one report regarding serum leptin levels and insulin resistance in gastric cancer patients [20] . In that study, Kerem et al. [20] investigated serum leptin levels in gastric cancer patients. They reported that cachectic gastric cancer patients had significantly higher serum leptin levels than healthy controls and noncachectic gastric cancer patients. In that study, however, no significant differences in serum leptin levels between the non-cachectic and the healthy control groups were observed. In the same study, Kerem et al. [20] reported that insulin levels were increased in non-cachectic gastric cancer patients compared to cachectic patients; however, there was no significant difference between non-cachectic cancer patients and healthy subjects. They also reported that insulin resistance levels were not significantly different between the three groups. In the present study, with a Pearson correlation analysis, insulin resistance was found to be significantly correlated with serum leptin levels in gastric cancer patients.
Previous studies have demonstrated that serum leptin levels were significantly higher in women than in men with an equivalent BMI [27] . This sex-related difference could be explained by the fact that estrogens stimulate leptin production, whereas testosterone inhibits it [28] . In addition, circulating leptin levels are correlated with the BMI in healthy subjects [29] . Similarly, in the present study, serum leptin levels were higher in women than in men in gastric cancer patients and controls. However, this difference was not significant. A linear regression analysis has shown that serum leptin levels were not related to gender in either the cancer group or the controls. This observation may indicate that gender is not a determinant for serum leptin levels in cancer patients. As reported previously [27] , other parameters such as BMI and age were not related to serum leptin levels in controls or cancer patients.
Epidemiologic studies have consistently shown that compared with nonwhite ethnic populations, people of European origin have a relatively low prevalence of insulin resistance [30] . Mente et al. [31] reported a significantly stronger correlation between serum insulin and leptin among European women than among South Asian women.
Cancer cachexia, characterized by marked weight loss, anorexia, nausea and general fatigue, is often associated with the presence or growth of a tumor and leads to malnutrition secondary to the induction of anorexia or decreased food intake [32] . Various mechanisms have been implicated in the etiology of cancer cachexia, and several studies have shown that cachexia associated with advanced cancer is associated with an increase in plasma cytokine levels [33] . Some authors have suggested that low leptin serum concentrations can be connected with the weight loss observed in cachectic cancer patients [15] . However, others did not confirm these observations, suggesting other unknown mechanisms of hypoleptinemia in those patients [19] . In addition, even after adjusting for the patient BMI or fat mass, the circulating leptin levels were significantly lower in cachectic patients than healthy controls [34] . Therefore, factors other than body fat mass may influence leptin production in cachexia.
In the present study, we did not observe any significant difference between cachectic and non-cachectic patients with respect to serum leptin levels. In addition, we did not observe any significant differences between cachectic and non-cachectic patients with regards to serum insulin or insulin resistance levels.
The patient performance status was evaluated using the World Health Organization performance status guidelines. The patient performance status was found to be an important parameter for determining the prognosis of patients with advanced cancer [35] . This scale is used by doctors and researchers to assess disease progression and patient daily living abilities and to determine patient prognosis and the appropriate treatment regimen. In the present study, we observed a negative association between performance status and insulin resistance in patients with cachexia, and no association was observed in non-cachectic patients. In addition, we observed that the performance status was positively correlated with cancer staging and negatively correlated with body surface area in esophagus cancer patients.
It has been shown that leptin secretion by the adipocyte is partly regulated by other hormones such as insulin, cortisol, growth hormone and testosterone [36] . Increasing evidence indicates that insulin can regulate leptin expression. Previous studies also suggest that the effect of insulin on leptin production is maintained by the permissive action of glucocorticoids [37] . Our results indicated that both cachectic and non-cachectic gastric cancer patients had low insulin levels compared to controls. Insulin, as an independent predictor, positively correlated with leptin levels. Therefore, chronic hypoinsulinemia may contribute to decreased leptin levels in gastric cancer patients. Increasing data provide evidence that leptin may also inhibit insulin synthesis and secretion [38] . Therefore, low leptin levels may contribute to the decreased insulin secretion in gastric cancer patients.
Growth hormone secretion declines with age and is affected by body composition. Growth hormone plays a crucial role in stimulating and controlling growth and metabolism but also has an important impact on body composition and fat distribution through its influence on energy metabolism and its lipolytic and nitrogen-sparing effects. Some, though not all [39, 40] studies found an inverse correlation between leptin and growth hormone in humans. Leptin is thought to accurately reflect fat mass and could therefore be a candidate protein that influences growth hormone secretion [39] . In the present study, the gastric cancer patients had significantly decreased growth hormone levels compared with the controls, which disagrees with previous findings that were based on healthy subjects [41, 42] . Huang et al. [42] indicate that growth hormone is a strong inhibitory mediator of leptin. They found that high growth hormone levels in gastric cancer patients may suppress leptin production. In the present study, in a Pearson correlation analysis, leptin levels were found to be significantly correlated with serum growth hormone levels and insulin levels.
In conclusion, we found that serum leptin levels are significantly lower in patients with gastric cancer. In addition, gastric cancer patients have decreased insulin levels, insulin resistance and growth hormone levels. In addition, the results from this study indicated a positive association between serum leptin levels and insulin resistance. Moreover, there is a negative association between serum leptin levels and growth hormone levels. Finally, low insulin and growth hormone levels may suppress the production of leptin in gastric cancer patients. These findings should be further evaluated in a larger population of gastric cancer patients.
